We present a practical approach to perform 3D pre-stack Kirchhoff time migration in a PC cluster and to build the migration velocity model. This approach is successfully applied to a 3D-4C OBC dataset acquired in the North Sea to use its PS-waves to image the structure under a gas chimney. The results show that neither VTI nor HTI anisotropy can be observed in this dataset. An isotropic, Common Image Point (CIP)-consistent velocity model is sufficient for imaging processing. The 3D migrated results are encouraging. The structure under the gas chimney is clearly imaged using PS-waves. The faults in the target area can be clearly identified. These structures are confirmed by the drilling results.
Introduction
Prestack Kirchhoff Time Migration (PKTM) is an efficient imaging method for processing seismic data due to its I/O flexibility and target-orientation and recently has become a common routine step in the seismic data processing flow (Bevc, 1997; Dai et al., 2000; Grey, et al., 2001; Granli et al., 1999; Sena and Toksoz, 1993) . PKTM can cope with the lateral and depth changes of the velocity model and produce high quality images at any desired location from real data with a correct migration velocity model. However, PKTM is computationally intensive, especially for 3D processing due to the large input dataset and large output results. Generally, performing 3D PKTM requires a supercomputer that is not affordable for most researchers. In this paper we introduce a practical approach to perform the 3D PKTM in a small PC cluster and then apply this approach to image the structure underneath a gas chimney using the PS-converted wave data from a 3D-4C dataset acquired from the North Sea.
3D Prestack Kirchhoff Time Migration
The conventional time processing of PS-waves (Asymptotic Conversion Point (ACP) binning, DMO, anisotropic NMO, and stacking) has several drawbacks. For example, ACP Binning cannot correctly locate the conversion point of PS waves. DMO cannot deal with the lateral variation of velocity. However, PKTM can overcome these drawbacks because it can cope with varying velocity. 3D PKTM can produce the image at any desired location in 3D space. Figure 1 shows the relationship among the scatter-points (image point), shots and receivers in 3D PKTM. The energy from a trace related to a shot and a receiver must be distributed to all possible locations of scatter-points in a surface according to its travel-time,
. Then to construct the image of scatterpoints at a possible location, the energy from all shots and receivers are summed at this location. This is usually implemented as a weighted summation based on the raypaths. c t Figure 1 . The relationship between the shots, receivers, and scatter-points in 3D PKTM. For a given travel-time and raypath, the scatter-points are on a surface in the 3D space.
In 3D PKTM, the locations of scatter-points form a 3D image cube in the CIP domain. The data from all shots and receivers contribute to every image point in the cube. However, a 3D-4C dataset often consists of tens or hundreds of shot lines. The output cube is often very large and exceeds the capacity of a normal computer. This makes it difficult to perform 3D PKTM for all shot lines in one run. To overcome this, we split the imaging cube into various CIP lines. Data from any shot and receiver lines will contribute to any given CIP lines (Figure 2) . We refer the contribution of a shot and receiver line to a CIP line as a pseudo-image of the CIP line. Then a 3D migrated image at the desired CIP line is the summation of all pseudoimages obtained from all shot data. This process can be written as: the CIP line obtained from data related to a shot line and a receiver line. The job to produce one pseudo-image using 3D PKTM is the basic processing unit which is running on a PC cluster to speed up the processing. This approach has several advantages. Because each basic processing unit only produces one pseudo-image from one shot line data, this job can run at any time on any computer. The migrated pseudo-image is then stored on disk for the final summation. Because the basic processing units are independent to each other, failure of one basic processing unit does not affect any other. The cost to rerun one basic processing unit is small. Therefore, the whole job can be conveniently scheduled and the process is stable and robust. 
The 3D-4C dataset
The 3D-4C seismic data was acquired in August 2001. It is a North Sea survey with nominal receiver area of 10.8
. It was acquired with an inline geometry using 2 cables and 2 swaths of shot lines. Each swath has 22 shot lines. The survey was centred on a domed, crestal structure which is obscured by a gas chimney. There is thought to be possible faulting along the crest. Because the gas attenuates the P-wave energy and reduces the P-wave velocity, the Pimage of the structure under the gas will be dimmed. However, the gas has less effect on the shear modulus. Hence the S-waves are much less affected by gas than the P-waves. This forms the basis of using P-S mode converted data for imaging beneath the gas chimney. In this work, we process the PS-wave data of the 3D-4C dataset from one swath. The objective of the processing was to define the top of the structure at the reservoir target level (3.0 seconds PP time and 5.5 seconds PS time). It is expected that the PS processing will clarify structural details.
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Migration velocity model estimation
A correct migration velocity model is critical for producing high quality migrated images using PKTM. The first task in this processing is to estimate the migration velocity model. γ are adopted in the migration velocity model. The software used is CXtools which is described in Dai (2003) and Dai and Li (2003) . Figure 3 shows an example of the migration velocity model and the corresponding CIP gather at the location of CIP line 050 and CDP number 350 from the data of shot line 5002 and receiver cable line 1 in which the shot line and receiver line are at the same location. Note that in this figure, the events in the CIP gather are flattened with the anisotropy parameter 0 . 0 = χ . This indicates that the VTI anisotropy in this data set is very small and can be neglected. Figure 4 shows another example with the same migration velocity model at the same location but from the data of shot line 5018 and the receiver cable 1. The shot line 5018 is 500 meters from receiver cable line 1. Note that the events in the CIP gather are still flattened. This means that although the ray-paths of the PS-waves at the location from two shot lines are different, the velocity models are the same. This implies that the velocity model is azimuthally independent as well as spatially consistent.
We tested the migration velocity model at various locations for data from various shot and receiver lines. All results show that the HTI anisotropy in this dataset is small and can be neglected. This means the migration velocity model in this area is isotropic and only related to the CIP locations. Only V , , and c eff γ 0 γ need to be estimated from the data. Due to the azimuthal independence of the velocity model and the assumption of CIP-consistence, the velocity model at a CIP location can be estimated from one single shot data. This saves a lot of processing time. Once the migration velocity model at the CIP locations are estimated, the 3D PKTM can be performed using the estimated velocity model. 
Results of 3D processing
The data set consists of 22 shot lines and two receiver cables, so the final image at one CIP line is the summation of 44 pseudo-images obtained from all shot and receiver line data. Figures 5 shows PS wave images from 3D PKTM at the location of Receiver Cable 5002 and 5018 in PPtime. The distance between two cables is 500m. The PS images at around 3 seconds in PP-time clearly show the structure of interest with crestal faulting under the gas chimney. The details of the images in the two figures are different. The faults in the target can be clearly identified. However, the target under the gas chimney between CIP 350 and 650 cannot be seen from P-wave image and PSwave stacking section ( Figure 6 ). Figure 7 shows the image at the middle location of the two receiver cables. Although the details of the structure at the target area in this image are different from that in Figure 5 
Drilling results
Drilling results confirm the structure in the 3D migrated images. Figure 8 shows one example of the comparison between the images obtained by the PKTM approach and by the conventional PS time processing (DMO, NMO, stacking, migration). Wells and interpreted horizons are marked on both images. The PKTM result clearly shows the structure with crestal faulting which has not been imaged by the conventional PS time processing. 
Conclusions
In this paper, we have developed a practical approach to perform 3D PKTM and applied this approach to process the PS converted waves of the 3D-4C dataset from the North Sea. There are two key steps in this processing. One is to build the migration velocity model and another is to perform 3D PKTM. The velocity analysis shows that neither VTI nor HTI anisotropy can be observed in this dataset. An isotropic and CIP-consistent velocity model is sufficient for image processing. The 3D PKTM approach running on a PC cluster is efficient and robust. The migration results are very encouraging. The structure under the gas chimney has been clearly imaged and crestal faulting identified. Both have been confirmed by drilling results
